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We have investigated the ability of dsRNA to inhibit gene functions in zebrafish using sequences targeted to the maternal
gene pouII-1, the transgene GFP, and an intron of the zebrafish gene terra. We found that embryos injected with all of these
sRNAs at approximately 7.5 pg/embryo or higher had general growth arrest during gastrulation and displayed various
onspecific defects at 24 h postfertilization, although embryonic development was unaffected before the midblastula stage.
educing dsRNA concentration could alleviate the global defects. Injection of GFP dsRNA (7.5–30 pg/embryo) did not
nhibit GFP expression in transgenic fish, although abnormal embryos were induced. Co-injection of GFP mRNA with
ither GFP or non-GFP dsRNA caused reduction of GFP expression. Whole-mount in situ hybridization clearly showed that
mbryos injected with dsRNA degraded co-injected and endogenous mRNA without sequence specificity, indicating that
sRNA has a nonspecific effect at the posttranscriptional level. It appears that RNAi is not a viable technique for studying
ene function in zebrafish embryos. © 2001 Academic Press
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Fire et al. (1998) first reported that introduction of dsRNA
molecules into Caenorhabditis elegans can specifically
inhibit the activity of genes containing homologous se-
quences. This effect of dsRNA, called RNA interference or
RNAi, happens at a posttranscriptional level at which
endogenous mRNA is targeted to degrade (Montgomery et
l., 1998). Since then, RNAi studies have been reported in
ther species, including Drosophila melanogaster (Knner-
ell and Carthew, 1998; Misquitta and Paterson, 1999),
rypanosomes (Ngo et al., 1998), planaria (Sanchez-
lvarado and Newmark, 1999), hydra (Lohmann et al.,
1999), mouse (Wianny and Zernicka-Goetz, 2000), and
zebrafish (Wargelius et al., 1999; Li et al., 2000). In plants,
simultaneous expression of sense and antisense RNA from
transgenes, which allows RNA duplex formation, specifi-
cally silences the transgenes at the posttranscriptional level
on the transformed plants (Vaucheret et al., 1998; Water-
house et al., 1998). Tuschl et al. (1999) developed a cell-free
system from syncytial blastoderm embryos of Drosophila
and showed that in such an in vitro system incubation of1 These authors equally contributed to this paper.
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All rights of reproduction in any form reserved.dsRNA causes rapid decay of homologous target mRNA.
Thus, RNA interference can be a powerful tool for studying
gene functions by inducing loss-of-function phenotypes.
In zebrafish, Wargelius et al. (1999) first reported that
embryos injected with no tail or lacZ dsRNA showed a
reduced level of the endogenous mRNA and 20–30% of the
embryos displayed specific defects reflective of no tail
phenotypes. The authors also described that approximately
equivalent numbers of the injected embryos had some
general defects. Furthermore, the amounts of dsRNA re-
quired for induction of specific defects in zebrafish were
approximately 60 pg per embryo (pg/e), over 100 times
higher than in Drosophila. A significantly different result
was reported by Li et al. (2000), who claimed that more than
80% of the embryos injected with the same amount of
dsRNA produced specific defects. They did not report any
toxicity in their studies, establishing RNAi as an ideal
approach for sequence-specific gene inactivation in ze-
brafish. More recently, Oates et al. (2000) demonstrated
that injection of dsRNAs, regardless of origin, induces
degradation of mRNAs transcribed from zygotic genes and
causes various embryonic abnormalities at 12 and 24 h
postfertilization. Consistent with Oates’ findings, our stud-
ies also indicate that RNAi has a nonspecific interference
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216 Zhao et al.effect in zebrafish. We feel that our data should also be
made available to the community and that the technique
needs to be further developed.
MATERIALS AND METHODS
Plasmids Used for RNA Synthesis
Zebrafish pouII-1 is a maternally expressed POU family gene
that we identified recently (our unpublished data). Two fragments
produced by XhoI/EcoRI digestion of plasmid pZfpouII-1, which
contains full-length cDNA of pouII-1, were subcloned into pBlue-
script II KS(2) to generate pZfpouII-1/59 and pZfpouII-1/39. Plamid
pZfpouII-1/59 contains the first 640 bp of the pouII-1 gene, while
pZfpouII-1/39 contains the remaining part of the gene, including a
region encoding almost the whole POU domain. pZfpouII-1/59 was
used to make pouII-1 dsRNA and pZfpouII-1/39 to generate
digoxigenin-labeled RNA probes for whole-mount in situ hybrid-
ization.
The GFP coding sequence, derived from GM2 (Meng et al., 1997),
was cloned in pBluescript II KS(2) to give plasmid pGFP/2A. This
construct contains no poly(A) signal and is used for generating GFP
dsRNA and digoxigenin-labeled RNA probes for whole-mount in
situ hybridization. Another construct, pKS-GM2, was generated by
cloning GFP coding sequence plus a SV40 polyadenylation signal
into pBluescript II KS(2), which was used for producing GFP
mRNA.
The third intron of zebrafish terra (Meng et al., 1999) was
amplified by PCR using a template from DNA of a terra-containing
PAC clone, and a 650-bp product was cloned into pBluescript
KS(2). This recombinant plasmid was used to make intronT
dsRNA.
Synthesis of RNA
All the plasmids were linearized with an appropriate restriction
enzyme and purified with GeneClean III Kit (Bio 101, Inc.) prior to
in vitro transcription. Sense and antisense RNAs were synthesized
using T3 or T7 RiboMAX Large Scale RNA Production Systems
(Promega). After a transcription reaction was done, the reaction
mixture was treated with DNase I to remove the DNA template.
Then, the mixture was extracted once with phenol/chloroform and
once with chloroform, and RNA was precipitated with isopropanol
and dissolved in RNase-free water. For making dsRNA, equal
amounts of newly synthesized sense and antisense RNAs were
mixed with addition of the annealing buffer stock to final concen-
trations of 1.5 M sodium chloride and 0.667 M sodium bicarbonate.
The mixture was sequentially incubated at 100°C for 10 min, at
55°C for 2 h, and at 37°C overnight. The annealed RNA (dsRNA)
was treated with RNase One (Promega) to degrade single-stranded
RNA. Then, it was extracted with organic solvents, precipitated
with ethanol, and dissolved in 5 mM Tris, 0.5 mM EDTA, pH 7.0.
Different RNA species were checked on agarose gels (see Fig. 1 for
an example).
RNase One-treated single-stranded RNA, dsRNA without
RNase One treatment, and RNase One-treated or untreated DNA
were also used for injection to test whether RNase One contami-
nation in the preparations potentially produced toxicity syn-
dromes.For synthesis of GFP mRNA, the transcription mixture con-
Copyright © 2001 by Academic Press. All righttained a final concentration of 5 mM cap analog (Promega) so that
the newly synthesized RNA had a cap structure that was required
for efficient translation in eukaryotic cells.
Injection of RNA
Single-stranded or double-stranded RNA was injected into the
cytoplasm of 1-cell embryos. To avoid potential damage of decho-
rionation with proteinase to embryos, injection was performed
using fertilized eggs with a chorion. Prior to injection, RNAs were
diluted to a desired concentration and KCl was added to a final
concentration of 0.1 M. Each microliter of RNA solution was used
to inject about 400 eggs. The dose of RNA injection was converted
to picograms per embryo. Injection with each type of RNA was
performed at least three times. To facilitate calculating mortality
of the injected embryos, unfertilized eggs were removed at the
32-cell stage, about 2 h after laying, and the remaining embryos
were observed later under a dissection microscope at various
developmental stages.
For co-injection of GFP mRNA and dsRNA, the fertilized eggs
ere injected first with GFP mRNA, and then half of them were
njected again with dsRNA before proceeding to the two-cell stage.
he injection dose for GFP mRNA was fixed at 150 pg/e and that
or dsRNA was variable (see text). The injected embryos were
bserved for GFP by fluorescence microscopy using a GFP filter
Leica).
Unless otherwise stated in the following sections, eggs from
ild-type zebrafish were used for injection. Transgenic fish used in
his experiment were generated with a transgene consisting of the
ebrafish GATA-1 promoter and GFP gene (Long et al., 1997). The
FP expression in these transgenic fish is restricted to hematopoi-
tic tissues and some neuronal cells.
Whole-Mount in Situ Hybridization
Sense and antisense RNA probes of GFP cDNA and the 39 part of
pouII-1 were generated by in vitro transcription in the presence of
FIG. 1. Gel analysis of GFP RNAs. Lanes 1 and 3, sense RNA
efore and after RNase One treatment; lanes 2 and 4, antisense
NA before and after RNase One treatment; lanes 5 and 6, dsRNA
efore and after RNase One treatment; lane 7, 100 bp markers with
brighter band at 600 bp.digoxigenin–UTP. The sense RNA probe was used as a negative
s of reproduction in any form reserved.
217RNAi in ZebrafishFIG. 2. Effect of dsRNA injection on survival rate of embryos. Zebrafish fertilized eggs were injected with 150 pg/e of different RNAs
and DNA. (A) The percentages of surviving embryos at different stages of the total number of fertilized embryos counted at the 32-cell
stage (in parentheses) were calculated. For each gene, three types of RNAs, i.e., dsRNA, sense (s2), and antisense (a2) RNAs, were
injected. Only dsRNAs were treated with RNase One before injection. (B) dsRNA and DNA of pouII-1 treated (RNase1) or untreated
(RNase2) with RNase One, and RNase-treated pouII-1 sense RNA were injected in parallel. The percentages of normal surviving
embryos at 24 hpf of the total number of fertilized embryos counted at the 32-cell stage (in parentheses) are shown. Data shown in
(A) and (B) were obtained from two independent experiments.
Copyright © 2001 by Academic Press. All rights of reproduction in any form reserved.
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218 Zhao et al.control. The injected embryos were fixed in 4% paraformaldhyde
and used for in situ hybridization essentially following the protocol
described by Westerfield (1995).
RESULTS AND DISCUSSION
RNAi Causes Nonspecific Abnormal Development
of Zebrafish Embryos
We planned to study the function of a novel POU gene
identified in zebrafish using the RNAi approach. This gene,
named pouII-1, contains a POU domain that shares a high
dentity with mammalian Oct-1 and Oct-2, and its mRNA
s detected in embryos at the single-cell stage and equally
istributed in all blastomeres during subsequent cleavages
A. Meng, unpublished). This gene was chosen because it
hould be available as a target for RNAi-induced degrada-
ion immediately upon injection of dsRNA. The first
40-bp 59 sequence of pouII-1, which is located outside the
OU domain conserved among POU family members, was
sed to synthesize sense and antisense RNAs that were
nnealed later to form dsRNA. These three types of RNA,
.e., sense, antisense, and double-stranded RNAs, were
njected separately into cytoplasm of single-cell stage em-
ryos, initially at a dose of approximately 150 pg/e, and the
mbryos were observed under a dissection microscope at
arious stages during embryonic development. The dsRNA-
njected eggs underwent normal cleavages during early
FIG. 3. Embryonic abnormalities caused by dsRNA injection. (A)
(B) An abnormal embryo injected with pouII-1 dsRNA at the same
epiboly stage. (D) An abnormal embryo injected with GFP dsRNA a
RNA. (F) A 20-h abnormal embryo injected with pouII-1 dsRNA.
abnormal embryos at 20 hpf injected with intronT dsRNA.evelopment. The abnormal development of the dsRNA- i
Copyright © 2001 by Academic Press. All rightnjected embryos was first visible around the oblong stage
hen the affected embryos had a rough blastoderm surface,
ossibly resulting from poor attachment of adjacent cells.
rom the 32-cell to the oblong stages, 9.3% of the dsRNA-
njected embryos died (Fig. 2A) and 30.9% of the surviving
mbryos at the oblong stage were clearly affected. Some
ells of the affected embryos soon detached from the
lastoderm (Figs. 3A and 3B) and the whole embryos de-
ormed later. We found that 64.4% of the viable oblong-
tage embryos completely deformed at the one-somite stage
nd 79.7% of the survivors showed retarded growth and
rotruding cell masses in some areas. By 24 h postfertiliza-
ion (hpf), surviving embryos accounted for only 10.7% of
he total number of embryos counted at the 32-cell stage
nd 69.6% of the survivors showed various abnormal phe-
otypes. The common abnormalities at this stage included
efective head, short tail, distorted midline structures, and
bnormal somites (Figs. 3E and 3F). In contrast, very few
mbryos injected with the sense and antisense RNA died or
howed severe abnormalities during embryogenesis (Fig. 2).
hen injected with the sense and antisense RNA, for
xample, viable embryos without abnormalities by 24 hpf
ccounted for 82.1 and 90.6% of the total embryos counted
t the 32-cell stage, respectively. It is clear that only the
sRNA was causing the defects in embryos.
One issue to be addressed is whether the observed abnor-
alities in the dsRNA-injected embryos were produced by
Nase One contamination in the dsRNA preparations. We
mbryo injected with pouII-1 sense RNA at the 50% epiboly stage.
as in A. (C) An embryo injected with GFP sense RNA at the 75%
same stage as in C. (E) A 20-h embryo injected with pouII-1 sense
20-h abnormal embryo injected with GFP dsRNA. (H) SeverelyAn e
stage
t the
(G) Anjected pouII-1 dsRNA without RNase One treatment,
s of reproduction in any form reserved.
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Copyright © 2001 by Academic Press. All rightsingle-stranded sense RNA treated with RNase One, and
pouII-1 DNA with or without RNase One treatment. As
shown in Fig. 2B, treatment with RNase One did not result
in death of more embryos, indicating that dsRNA is the
factor affecting the mortality of embryos.
To determine if the defects we observed were specific to
pouII-1, we injected a control dsRNA synthesized using
coding sequence of GFP, a reporter gene that is not present
in the zebrafish genome. Unexpectedly, injection of the
GFP dsRNA at a dose of 150 pg/e also induced the same
types of severe defects (Figs. 3C, 3D, and 3G) and in
proportions similar to those of the injected embryos as
described above, whereas the development of the embryos
injected with GFP single-stranded RNAs was not affected
(Fig. 2A). This can be explained in two ways: either the GFP
coding sequence shares a certain homology with some
developmentally important mRNAs, and these mRNAs are
targeted for degradation by GFP dsRNA, or dsRNA triggers
general defects in a sequence-independent manner during
embryogenesis.
It has been shown that in C. elegans injection of dsRNA
derived from intron and promoter sequences is unable to
effectively direct sequence-specific mRNA degradation
(Fire et al., 1998), which supports an assumption of RNAi at
the posttranscriptional level (Montgomery et al., 1998). To
further investigate the effect of dsRNA in zebrafish, a
650-bp sequence derived from the third intron of zebrafish
terra was used to generate dsRNA (named intronT dsRNA).
Zebrafish terra encodes a transcription factor and is tran-
siently expressed in the presomitic mesoderm and newly
formed somites. Overexpression of terra induces rapid apo-
ptosis both in vitro and in vivo, suggesting that it might
play a role in somite-specific apoptosis (Meng et al., 1999).
When injected with intronT dsRNA at a dose of 150 pg/e,
only 11.3% of the embryos survived to 24 hpf, whereas over
90% of embryos injected with the intron-derived single-
stranded RNAs remained alive at the same stage (Fig. 2A).
Furthermore, 60% of the dsRNA-injected embryos alive at
24 hpf had defective phenotypes (Fig. 3H), while almost all
the viable embryos injected with the intron-derived single-
stranded RNA appeared normal. Since about 30% of abnor-
mal embryos had defective heads, we speculate that the
observed abnormalities may not have resulted from inhibi-
tion of endogenous terra expression.
Since injections with three different types of dsRNA gave
rise to similar defective phenotypes in zebrafish embryos,
we conclude that dsRNA lacks gene-specific silencing ac-
tivity at 150 pg/e and is very toxic to zebrafish embryos.
Toxicity of dsRNA Is Concentration-Dependent
It is possible that dsRNA can induce sequence-specific
interference at lower concentrations at which general de-
fects could be eliminated. To determine this, we injected
dsRNAs of pouII-1, GFP, and terra intron at a wide range ofFIG. 4. Dose dependence of dsRNA toxicity. Different doses of
sRNA were injected into fertilized eggs. The percentages of
iable normal embryos at different stages of the total number of
mbryos counted at the 32-cell stage (in parentheses) were
alculated. (A) GFP dsRNA; (B) pouII-1 dsRNA; (C) intronTconcentrations (Fig. 4). When the injected GFP dsRNA was
s of reproduction in any form reserved.
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220 Zhao et al.reduced from 150 to 75 pg/e, the abnormal and dead
embryos decreased from 96.3 to 85% as observed at 24 hpf
(Fig. 4A). This further declined to 65.5 and 48% when the
dsRNA was reduced to 15 and 7.5 pg/e, respectively. At 1.5
pg/e, almost all of the injected embryos developed normally
throughout the early development and embryos with some
general defects at 24 hpf accounted for approximately 7%,
which was similar to that when treated with the sense or
antisense GFP RNA. This showed that toxicity of dsRNA
on the development of embryos is concentration-
dependent. We further tested pouII-1 and intronT dsRNAs
and obtained results consistent with those produced by GFP
dsRNA (Figs. 4B and 4C). Since the toxicity is not sequence-
dependent, dsRNA must have interfered with a common
process that is vital for embryonic development.
RNAi Is Incapable of Blocking Specific Gene
Expression
To further test the ability of dsRNA to inhibit specific
gene functions, we targeted GFP in transgenic fish using
GFP dsRNA. The stable transgenic fish carry a transgene
consisting of the zebrafish GATA-1 promoter and GFP
cDNA (Long et al., 1997). The expression of GFP in these
transgenic fish starts at the five-somite stage and is
restricted to the ventral region. Between 18 and 24 hpf,
GFP is expressed in the intermediate cell mass (ICM), the
early hematopoietic tissue in zebrafish. Single-cell em-
FIG. 5. Effect of dsRNA on GFP expression. (A) A transgenic emb
embryos that were injected with GFP dsRNA. (E) Embryos injected
FP dsRNA. (G) Embryos co-injected with GFP mRNA and pouIIbryos produced by mating homozygous transgenic fish to
Copyright © 2001 by Academic Press. All rightild-type fish were injected with GFP dsRNA. As dem-
nstrated above, very few embryos injected with a high
ose of GFP dsRNA can survive to 24 hpf, a stage suitable
for easy observation of GFP in transgenic embryos.
Therefore, we injected the transgenic embryos with
lower doses so that a sufficient number of survivors at 24
hpf could be obtained. When injected with approximately
7.5 pg/e, most of the embryos survived without obvious
abnormalities at 24 hpf. All of the viable embryos (n 5
160) had GFP in the ICM, in a pattern identical to that of
uninjected controls. After the dose of the GFP dsRNA
was increased to approximately 30 pg/e, the fluorescence
intensity in some of the injected embryos (n 5 123) was
reduced. However, approximately 90% of the injected
embryos that survived to 24 hpf also exhibited various
embryonic defects (Figs. 5A–5D), which resulted in an
irregular GFP distribution that was difficult to observe.
Injection of non-GFP dsRNA at this concentration pro-
duced similar effect (data not shown). These results
suggest that GFP dsRNA is unable to inhibit GFP expres-
sion in a sequence-specific manner and that general
embryonic abnormalities could obscure or reduce GFP
expression. Interestingly, the concentration of GFP
dsRNA used in our experiments was less than that
reported by Li et al. (2000). However, they did not find
any nonspecific abnormalities in the injected embryos.
We also used a co-injection approach using the GFP
reporter gene to test whether RNAi is gene-specific. GFP
t 24 hpf showing GFP in the ICM. (B–D) Abnormal 24-h transgenic
GFP mRNA alone. (F) Embryos co-injected with GFP mRNA and
RNA. Embryos in E–G all are at the sphere stage.ryo a
withmRNA was co-injected with GFP, pouII-1, or intronT
s of reproduction in any form reserved.
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221RNAi in ZebrafishdsRNA into cytoplasm of fertilized eggs and the injected
embryos were observed for GFP at the sphere stage. All of
the embryos injected with 150 pg/e of GFP mRNA alone
(n 5 127) had GFP expression and approximately 83%
showed strong fluorescence (Fig. 5E and Fig. 6). When
co-injected with GFP mRNA (150 pg/e) and GFP dsRNA (75
pg/e) (n 5 204), only 30% of the embryos showed strong
GFP expression, and the others had weak GFP expression
(Fig. 5F and Fig. 6). Most of the co-injected embryos showed
growth arrest. Interestingly, the GFP level in the injected
embryos was also reduced (Fig. 5G) when GFP mRNA was
co-injected with pouII-1 (n 5 146) or intronT (n 5 117)
dsRNA at 75 pg/e. This suggests that RNAi is not gene-
specific and inhibits general gene expression at the post-
transcriptional level.
RNAi Degrades mRNA Randomly
As demonstrated above, dsRNA interferes with gene
expression without sequence specificity in zebrafish.
Whether the effect of dsRNA occurs at a transcriptional or
FIG. 6. Inhibition of GFP transient expression induced by dsRNA.
t the single-cell stage. GFP expression was observed at the sphere s
alculated. The number of embryos observed is shown in parenthea translational level needs to be determined. To address this
Copyright © 2001 by Academic Press. All rightssue, we investigated mRNA stability in the embryos
njected with dsRNA by whole-mount in situ hybridiza-
ion. First, embryos co-injected with GFP mRNA and GFP
dsRNA or pouII-1 dsRNA, following GFP observation (de-
tailed in the previous section), were used to perform in situ
hybridization using antisense GFP probe. In comparison
with the embryos injected with GFP mRNA alone, most of
the embryos co-injected with GFP dsRNA showed signifi-
cant reduction in GFP mRNA (Figs. 7A and 7B). Similarly,
the embryos co-injected with the unrelated dsRNA showed
apparent degradation of GFP mRNA (Fig. 7C). Then, we
tested whether dsRNA could target endogenous mRNA to
degrade. The dsRNA-injected embryos were subject to
whole-mount in situ hybridization using the antisense
pouII-1 probe. Approximately 70% of the embryos injected
with 150 pg/e of either pouII-1 or GFP dsRNA showed
weaker staining intensity compared to those injected with
pouII-1 sense RNA. When the injection dose of the dsRNA
was reduced to 30 pg/e, only about 30% of the embryos
showed apparent reduction in pouII-1 mRNA. This indicates
that degradation of mRNA induced by dsRNA depends on
mRNA (150 pg/e) was co-injected with different dsRNAs (75 pg/e)
and the percentages of embryos showing strong or weak GFP wereGFP
tageconcentrations of both mRNA and dsRNA. Thus, our finding
s of reproduction in any form reserved.
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222 Zhao et al.suggests that dsRNA can degrade mRNAs without sequence
specificity, which might contribute to the general toxicity of
dsRNA observed in zebrafish.
Studies in the past have indicated that dsRNA is toxic to
cells of higher animal species because it can evoke antiviral
mechanisms (Kumar and Carmichael, 1998). Upon viral
infection, dsRNA induces the synthesis of interferon (IFN)
within host cells (Marcus, 1981; Lengyel, 1987). IFN can
activate a signal transduction cascade that eventually in-
duces at least 30 genes that impede viral proliferation (Sen
and Ransohoff, 1993). The dsRNA-activated protein kinase
(PKR), a serine/threonine protein kinase, is an important
mediator of antiviral actions of IFN. PKR is activated by
autophosphorylation upon binding to dsRNA (Galabru and
Hovanessian, 1987). The activated PKR can phosphorylate
eukaryotic initiation factor 2a (eIF-2a), which will seques-
ter cellular eIF-2B, a factor required for exchange of GTP for
GDP on eIF-2, to prevent translation initiation events by
blocking viral and cellular protein synthesis (Kimball et al.,
1996; Sarre, 1989). Consequently, cell growth is inhibited and
even programmed cell death is induced (Dever et al., 1993;
Srivastava et al., 1998). The dsRNA can also activate 29,59-
ligoadenylate synthetase to increase 29,59-oligoadenylates.
he 29,59-oligoadenylates activate the ribonuclease RNase L,
FIG. 7. DsRNA-induced nonspecific degradation of mRNA. The i
ybridization with GFP (A–C) or pouII-1 (D–F) antisense probe. (A) Em
ith GFP mRNA and GFP dsRNA (75 pg/e). (C) Embryos co-injected
ouII-1 sense RNA (150 pg/e). (E) Embryos injected with GFP dsRNAhich can nonspecifically degrade viral and cellular RNAs z
Copyright © 2001 by Academic Press. All rightKerr and Brown, 1978; Player and Torence, 1998). Castelli et
l. (1997) have shown that increase of the RNase L level in
ammalian cells can induce apoptosis and that inhibition of
Nase L activity inhibits viral-induced apoptosis. Recently,
uschl et al. (1999) have reported that incubation of dsRNA in
he rabbit reticulocyte lysate causes rapid degradation of
onspecific mRNAs, which happens neither in wheat germ
xtract nor in a Drosophila cell-free system.
Our studies indicate that zebrafish eggs injected with
sRNA undergo normal cleavage but start to show visible
efects at the midblastula stage. The dsRNA-injected embryos
ontinue to exhibit global growth arrest and various defects at
ater developmental stages which are independent of the
rigin of dsRNA. We also show that dsRNA causes degrada-
ion of co-injected and endogenous mRNA regardless of se-
uence homology in living embryos, which is similar to what
as been observed in vitro by Tuschl et al. (1999). The toxicity
e observed in zebrafish is absolutely different from what was
eported by Li et al. (2000). In their studies, embryos injected
ith as much as 60 pg/e dsRNA survived better than the
ninjected control siblings, indicating that dsRNA is benefi-
ial rather than toxic in zebrafish. In our experiments, we have
ound no evidence that dsRNA-induced genetic interference
an be used as a specific means to study gene functions in the
ed embryos were collected at the dome stage and used for in situ
s injected with GFP mRNA (150 pg/e) alone. (B) Embryos co-injected
GFP mRNA and pouII-1 dsRNA (75 pg/e). (D) Embryos injected with
pg/e). (F) Embryos injected with pouII-1 dsRNA (150 pg/e).nject
bryo
withebrafish embryos.
s of reproduction in any form reserved.
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